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- 10 YEAR REFPORT
- ON THE
CONCRETE PAVEMENT CURING TESTS

Keyes to Hatch Grossing - Stanislaus County
‘ Gontract 210TC9 - FAP-171-B,G X-Sta-l-A,Cbr.,B

Gonstructed in 1941

Report by Thos. E. Stanton, Materials and Research Engineer

- SUMMARY
The 1940 Standard Specifications required an 8 day water,
cotton mat or impervious paper cure of a Portland cement conecrete

pavement or permitted the use of a colorless impervious membrans.

The 19h5 Standards c ontained the same provisions in so far as

water, paper and colorless impervious membrane curing was ¢concerned
‘but shortened the period of coverage with cotton mats to 72 hours.
By 1949 the Standards were changed to require only 72 hour

cure whether by water, cotton mats or paper with the further

;{k requirement for light colored pigmented solution when an impervibus?

\

membrane is used,
The above changes in specifications were at least partially |
‘influenced by studies conducted by this Department first aboutb

fifteen years ago on the use of cotton mats and second on tests

"~ sbarted in 1941 in which wers included some nine curing procedures.

Ten years having elapsed sinece the 1G4l curing test sér1939 a
condition survey as of the ten year period was made during April

of this year (1951), the results of which are herein reported.
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As recited in the caption the test was conducted on a section
of concrete pavement under construction in lghl south of Modesto
in Stanislaus County, more specifically described as from Keyes
to Hatch Crossing, X-Sta-4-A, Cer., B - FAP-171-B,, Contract -
2107TC9. |

_fhe portion of the contract selected for the curing tests
was between Sta. L72+452 and 520+22.

The project was fully reported under date of February, 1942
therefore only those portlons of the 19u2lreport which are
egsential to a clear understanding of this ten year report are

repeated herein.

VLQGATiON AND GURING METHODS

one mile of the north bound passing lane of the pavement on
this section, which aggregated 5.5 miles in length, was selected
for the test of nlne curing methods as follows:
1. Earth and water 8 Days
. Barth and wqyer 3 Days
. Water only : 1 Day

. Water for 2l hours followed by emulsion clear cure

2

3

L

5. Water for 2l hours followed by Hunt clear cure

6. TEmulsion clear cure applied immediately after bump cutting
7. Hunt clear cure applied immediétely after bump cutting

8

. Sisalkraft paper applied immediately after bump cutting
and removed after three days.

9, Cotton mats applied lmmediately after bump cutting, kept
constantly wet for three days and then removed. .

-D—

www fastio.com


http://www.fastio.com/

ChhPD



http://www.fastio.com/

ClibhPDF -

Each method of cure was repeated three consecutive days,

T

shifting the order of construction each day as shown in Table I,

which likewise shows the location of each section, length and day

i
‘

laid;

'

TEMPERATURE AND HUMIDITY CONDITIONS

_ The concrete was placed during July 8, 9, and 10. It
happened that the warmest period of 1941 oceurred during the
‘layiﬁg of this concreﬁe aﬁd during the next two weeks, or well
past even the 8 day earth and water curing period.
The maximum and minimum air temperatures and humidities during

this period were as follows:

[ ATR TEMPERATURE RELATIVE HUMIDITY
Maximum Minlmum Minimom Maximum
July 8 ) . 106° - 23 -
July 9 )Pouring periodl 10N bH3o 22 71
July 10 ) - 102 62 22 61
e July 11 . 100 60 28 80
: 1.2 99 57 29 67
- 13 96 57 3k 71
1 99 57 33 . 80
15 100 ) 33 80
16 103 = 53 27 76
17 105 63 25 73
18 101 62 29 71
19 101 61 31 76
20 100 .62 31 6g
21 108 " 686 26 . 73
£ 109 Y I 20 7
Ave. 102¢ 610 28 73
,,3.=

s

www . fastio.com


http://www.fastio.com/

ChhPD



http://www.fastio.com/

CONCRETE DESIGN

. The concrete was a standard five gdck mix . Calaveras cement
and aggregates from the Hughson Pit iIn Stanislaus County were used
throughout.

An effort was made To mainbtain a constant water bémentmratio
of'OQBO by volume and & slump of approximately 2 ilnches.

CONCRETE TEMPERATURE

To aid in the study of curling téndencies as influenced by
hydration temperatures and variations in atmospheric teﬁpefatuie
under the diffsrent cufing methods, two Weston Dial type thermometers
were installed in each test section, one to measure the temperaturej

of the top 2" of the pavement slab and the other the concréte
tempera%ure at the base, five to six inches below the surface.,

In general it can be stated that the highest average maximﬁm

‘ . and minimum temperatures were encountered with the clear Qufeo This
| caﬁ be at least partly attributed to the relatively darker color of
the surface ofrthe pavement resulting from the éoloring pilgment in ﬁhe.
Wax residue from the membrane curing sclution. Subéequent similar
temperature fecordings when a light gray pigmented seal was ﬁsed
were substantiallyrlower than with the darkser memhrane.

Temperature measuremsnts after ﬁhe normal curing period comparedﬁ
with the surface color of the pavement, indicated that the tempera-
tures for all sections were materially influeﬁced bj the color,

Darker shades absordb heat from the sun, thereby building up tempera-~

- bure., It 1s very probable that after a pavement surface becomes

=l
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discolored by oil drippings from motor vehicles there is ultimately
no difference in the temperature patitern, regardless of method of
cure, except possibly the bituminous membrane cUure, until after the
membrane. 18 Wofn off.

Goncrete temperatures during the curing period are vitally

affected by the method of cure as 11lustrated in Figs. 2 and 3 of

the original’ (1942) report.

During water cure evaporation helps to hold the maximum
temperatures down and thereby narrows the range between maximum
and. minimum. On the other hand seallng the surface or otherwise

preventing evaporation logs tends to bulld up early temperature.

'PAVEMENT CONDITION AT END OF TEN YEARS

The ten year inspection did not disclose any observable

aifference in the condition of any of the sections, regardless of

"method of curey even the section water cured for 24 hours with no

subsequent treatment.

There were 2 total of approx1mately 318 fifteen fot slabs
between the limits of the test, After ten years only 3 of the
318 alabs show anycracks'intermediate between the weakened plane's°
One crack was obviously caused by & subgrade settlement and the
other two were cormner cracks close to weakened planes which had

not opened up opposite the cracks, thereby indicating a carryover =

‘in stress sufficient %o rupture the conerete outside the weakened

plane. ‘
In 1945 it was noted that ab 1east 36 or over 10% of the

slabs in the adjoining 8 day water cure lane between the limits

-G
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of-the test section had developed transverse cracks,
The abtached tabulation shows the location of the cracks

noticed in 19h5 iﬁ the eagt lane. No additional . cracks were

" sounted in the 1951 survey.

Undoubtedly the morse extensive cracking in the east lane
is due to the nature and volume of the traffic, as this 1s the
main travelled lane. Unfortunately the section selected for

the test was the west or passing lane and the test therefore is

deficient in that it does not include all of the desirable test

conditions in so far as tpaffic volume is concerned.

Mhe weat lane was selected for the reason that 1t was
Gasired to conducf the test on a continuous stretch of pavementb
during the werme st summer weather prevailing during the conetrucu‘
tion of bthis project. The tegt was therefore delayed as long as
possible and was carried out durlng the gsecond week 1n July
(July 8th, 9th and 10th, lghl)9 when the atmospheric temperatﬁre
ranged from 100° to 10lie with a minimum maximuﬁ atmospheric
temperature of 980 and & maximum of 107°¢ during the fWo weeks
1mmed1ately following the first day of the test.

Referring to Gelumn 9 of Table 3 it W111 be noted that the
average compressive strengths of the eeﬁes was 7710 poselo at
ten years as compared wlith 5190 p.8.1. at 29 daye.or an lncrease
of nearly éo%o

There were no marked differences in the strengths of the

cores from any of the gections, which might be attributed to

by
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difference in curing pfocedure° The cores from even the 2& hour
. curs sect-ions were above the minimum and close to the average.
It‘wouldg therefore, appear that our present requirement of a
72 hour Watéry paper, or cobton mat cure or an approved impervious

membrane is adequate for California climatic conditions.
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TABLE T.
CONCRETE CURING TESTS
LOCATION AND LENGTH OF TEST SECTIONS AS CONSTRUCTED '
Keyes to Hatch Crossing

X=8tan=L~A,Cer.,B Contract 210TC9
Conecrete Placed Concrete Placed Concrete Placed
7=8=41 T=9=41 7-10-41]
~ Earth~-Water 520422 Water for 504,462 Hunt Clear 4L88+27
2 8 Days - 24 Hrs, fol- Cure applied '
9 Llowed by . " immediately -
. ~ emuls:l.on o ~ after bump ©
~ Barth water 519+02| clear cure & cutting a
& 72 Hrs. o -
N Waterfor 502+22 o Sisalkraft L8542
— 4 2L Hrs, i Paper .
- Water 51748219 followed by . © 72 Hrs. Q
I 24 Hrs, = ° . [|"Hunt Clear Q' o
« f & Cure ~ Cotton 4834-02
= - T Mats -
Water for 24 516462 Emuision 499+82 | O 72 Hrs, 2
—~ Hrs,; foXlowed Clear Cure ' : N :
4 by emalsien % YApplied ime o~ Earth-Water 4,80+62
clear cure T Omediately = i 8 Days e
o o —~
after bump = Q- =
- cutting ™ .y
Water for 514422 — ~ Barth-Water 4’79-:—1,,2
~ 2L Hrs, fol- - Hunt Clear A497+42 | 3 72 Hrs, z
& lowed by Hunt g - Cure applied ™ o
Clear Cure 3 C‘Eiimmediately 5. o
e~after bump e Water 478422
— eutting o T 24 Hrs. e v
Emuision - 511+82 N : 9
Cledar Curé. Sisalkraft L95+02 —
- applied .im= YPaper .- Emulsion L77+02
i medigtely - ©072 Hrs, 2 Clear Cure
¥ after bump 3 — e applied im=
cutbing ™ Cotton L98+82 | , mediately
: YMats - . after bump )
Hunt Clear” 509+42 0\72 Hrs. O cutting N
Cute applied o
o immediately - z Farth L92+62 Water for L75+82
~ after bump = NWate:r o 2L Hrs, fol- = -
cutting ™ ,..8 Days =  lowed by Hunt &
o Clear Cure -
Sisalkraft 507+02 '
7 paper - Earth= L91+42 Water for L7462
0 72 Hrs. Q Ywater 5 e~ 2b Hrs. fol-
— 72 Hrs, N lowed by p
— cotton 505482 - < emulsion Py
d Mats - ‘;’Water L90+22 clear cure '
72 Hrs. & 24 Hrs. = - b72+52 —
: )
504+62 L 88427 — _
Total Length Tcztal Length ' Total Length
1560 Ft. | 16 35 Ft. 1573 Ft.

- www.fastio.com
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TABLE 2. AVERAGE CONCRETE TEMPERATURES, KEYES TO HATCH CROSSING
PAVEMENT CURING TEST, X-Stan-l-A,B:  July, 1941.

IVERAGE GORORETH TENPERATURES JULY OTH T0 Z2ND, 1941

_ During Guring Period 1K After Curing Perioed
Sec.Curing Method [Ave.lax.Tem,. | Ave . Min.Tem, [[Ave.Max,Tems jAve.Min.Tem, |
NO.o, 3 . Top Botﬁ Difc Top Boto Dif o] TOP Bot o Dife Top BOt o Dif o

1| 8 pay ) _ -i- : ‘

Earth & Water| 90 | "88| 2 661 70 o ||107{100 | 7 7h| 78 | L

2 3 Da—y— ) . s , 3 " \ ?,':;' ] ) ‘ .

| Barth & weber| 92| ool 2 |} 67] 71 | hlliogjo2 7 | 77,061 b

371 Day " b | .
Water . - 100 | 1001 0 } 69| T7h s llaihfioz [ 7 | 7h} B2 {8

L i 2L Hr, Water
then emul-—-
aion clear

cure b os 1 g6|l1 § 67] .73 6 Hiiilos | 6 | 7501804 5

51 2l Hr. Water
| then Hunt .
Qlear GQure 96 | 9610 '} 671 7h 7 11118(111 | 7. 771 83 | 6

: . 64 | Bmul. Glear
: gure appld. ‘| b i
o . immediately ‘ L : L
after bump - . : ]

cutting _b11o 103 7 76] 80 . L Hiiol103 .l 7 761 80 | b

74 | Hunt e¢lear

cure appld.
immediately
after bump. - :

| cutting 1120 {11Lh'1 6 781 85 | 7 |j1eofxil | 6 § 781 85 |7 -

8 | 8isalkraft ' :
_Paper 105 {102 | 3 81l 85 Llj1ihlzo8 | 6 Q@ 77l 81 b Lo

9 | Cotbon Mabs 88 | 86 ]2 72| 77 siliihj106 | 8 § 7h| 79

I

. - Aversipe Differsnce |2+ { .}l 5 : 7.1 |5
%0n Sections M"6" and "7" the clear curing solutions were applied immed-
jately after bump ocutting. Due to the at least partial stoppage of
evaportaion through the wax type membrane, the concrete temperatures
rose immediately to a degree depending on the time of day and alr tem-
perature at time of applicatlon. The same get of temperature 1s there-~
fore recorded in both the "During Curing” and "After Curing" columns
because of the same surface protection and consequent similar tempera-
" ture pattern throughout the entire period., To a certain extent the
same remarks apply to Sections i and 5 after the first 2l nours; but in
. the .case of I and 5 the dlvision has been made at 2h hours in order to
show the difference in maximum temperatures before and after applying
the membrane curing solubtions. '
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TABLE 3. SUMMARY OF CGONGRETE TESTS - Conerete Pavement Curihg Tests
. ' Keyes to Hateh Orossing - Stanislaus Oounty
Contract 210TCY9 - FAP~171-B,G. X=Sta-}j-4,Cer.,B.
Test Sectlions Placed July 8,9, and 10, 19h1

i 2 | 34, 5 6 7.8 .9" 10

Mod. . Qompressive Strength Surface'
of Gylsd Beam Ends] Cores | Hardness . .
Tesgt ‘ : Rups. . L , o _ Depth
deeq Curing Method 29 S0 29 | 29 90 29 10 ~of
fNoo. o _. Da. Da.|Days |Days|Days [Days Years _Groove
1 |8 pay water eure . | 700 757 1olLo |5360] 5700 530017780 0.12h"
2 |72 Br. Water Gure 660 66@ uélo.gzoo 5660 5360|7915 | 0.135™
3 {2} Hr. Water Cure 508} 520] 1100 |h720| 1850 |s000|7h30 | 0.1hk”
I {Emul, after 2l Hrs. 592] 665} 1250 5160|5600 |5260| 7855 _.,~Om10hﬁ‘:ﬂ
5 | Hant " nooon 6381 686) 160 15290] 5670 [5390) 8085 b T 0508l
6 |Emul. appld. same day| shol 603} k210 {ig9ol 5100 |5180| 8195 | o0.120m
7 . |Hunt n = "] 537 585 3910 4610|5130 5060,?55Qf\ii\QgQ95ﬂrf
8 |grart Paper-72 Hrs. | 5181 675] h150 |5190| 5660 |5150 68&0_ . 0.227"
. 9 |Gotton Mats- 72 Hrs. | 611} 709| L4030 5220| 5800 |5010} 7745 ) 0,106M
| Average | 599] 652| u151 5038l 5163 |s190f 7710 b - 0siiht

1, Tmirst tests at 29 days instead of customary 28 days controlled by
field and laboratory conditions°

2, All field control eylinder specimens cured in water at laboratory,
hence the differences in test results are due to differences in
concrete mix and fabrlcatlon and not to curing procedurse.

3, Teat figures on the concrete represent the average of tests on
3 to 12 specimens in sach set except surface hardness, for Wblch
only three tests were made for esach method of curs.

)
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TABLE lj. TABULATION OF CRACKS IN SLABS OF THE EAST LANE OF THE
.. GONORETE PAVEMENT BETWEEN KEYES AND HATCH CROSSING,
| BETWEEN ' STATION 72452 and STATION 520422,
¥-Sta-h-A,Cer,,B, GONTRACT 210TC9, FROM NOTES BY
T. E, STANTON, JUNE 22, 1945. :

L

Number of Cracks
in 15 Ft., Slabs
. Lane East Lans
Test ‘ . ,
Sections | _ - | . Length L b=p2=5
L-3 sta. L72482 - L7h4b2 | 120¢ 1
H=3 " h7L+62 = L75+02 . 120? 5
6=-3 75482 ~ Li{+02 1207 5
3=3 77102 = L{o+22 120° N
23 L78+22 = L79+h2 1207 N
1=3 L79+h2 = LBO+b2 1207 0
- 0=3 LB0+62 - 4L83+02 2102 0
O=3 — ,B3402 - 485+,2 - 210! 0
7=3 . L35+ = L88+27 2851 2
32 1,88+27 = Lo0+22 _ 1051 N
22 " ,00+22 ~ Lol+i2e | 120°F 2
1-2 . , T hOLHh2 = h92+62 1207 L
_ " g2 192462 - 1193+82 1207T. 0
@ 52 T&5+82 = 195702 | 1207 9
1=2 105+02 = Lo7+he |~ 2407 2
6=-2 107+02 = 199482 1 | 200°F G
5D [190+82 = 502+22 | 2L0" 0
=2 L02+22 = b0L+02 2hO7 0
g-1 “B0L 462 = 505482 . | T20° 1
B=1 505402 = 507+02 IS 12079 6]
71 507402 = 500+42 —2hov 0
6=1 SO00+12 = 511462 - 2h0V 0
C~1 C11482 = 51422 210 0
h=1" Cl[+22 - 510402 2001 2
-1 516+b2 = bl7+02 1207 T
o= 1 517482 = 519+02 | 120¢ 2
L=1 515+02 - 520422 , 1201 0
h770;! 36

Note frequency between stations L7l +62 and L79+L2; &l so
patween Stations LB8S+:i2 and L9142, '

Foundation and subgrade may have had b@aringu
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FROM: T. E. Stanton
Materials & Research Dept, _ .
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Janiary, 1951

REPORTS ON EXPERIMENTS WITH CONTINUOUS REINFORGEMENT IN
CONCRETE PAVEMENTS - CALIFORNIA

‘.‘ma

Thos. E. Stanton, Materials and Research Engineer
California Division of Highways

SYNOPSIS

In the fall of 1938 the Public Roads Administration and the
Tndiana Stabe Highway Commission initiated the construction of &
number of experimental sectiong of reinforced concrete pavement(l),

Supplementing the Indlana studies, in the fall of 1947 the
T1linois Divislon of Highweays and the New Jersey State Highway
Department undertook similar constfuctions(a) and durlng 19h9 at
the instigation of the U. S. Bureau of Public Roads the California
Division of Highways constructed a one-mile sectlon of continuously

. reinforced concrete pavement in Solano Gounty in the vieinity of
the town of Fairfield.

Eagstern State projects contairn a number of test gsections with
variable size, spacing and position of the stesl., For various
reasons, which it 1s not necessary to review in this report, 1t
‘was decided to confine the galifornia project to the limited number
of variables herein recited., There is, therefore, no opportunity to
compare directly with the three earlier projects described in
Proceedings of the Highway Research Board except where the conditions

are reagonably similar.

(1) Reported in the Proceedings of the Highway Research Board
December 1039, Page 193. 10 Year Performance Report 1949,
Page L5.
_ . (2) Reported in the Proceedings of the Highway Research Board,
December, 1949, Page 33. '
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The CGalifornia project was designed primarily to study the
stregses in the steel reinforcing and the crack incidence in an 8"
uniform thickness continuously reinforced pavement siab, with the
steel centrally placed in the depth of the slab, as well as long

time performance with relation to riding qualities.

General Description

The project is part of U. S. Route hO connecting the
metropolitan areas of the San Franclsco Bay Reglon and Sacramento.
The test section was constructed as part of a contract in Solano:
County between Ledgewood Creek and 3.5 miles sast of Fdirfisld.

Fig. 1 shows a general layout of the project. PFig. 2 shows
information regarding grades, locatlon of test section, dates
pavement was constructed, otce.

The project in general consigts of a four-lane divided highway
over new alignment. Each side of the divided highway consists of
two 12 ft. wide contiguous lanes of 8 in. thick Portland cement
concrete. The contiguous lanes are tied together with 5/8 in.
diameter 30 in. long tie bolts on 30 in. centers, There is a tongue
and groove joint at the junction of the two lanes.

The territory traversed is generally flat valley land used
for grazing. The native soil along the project is of adobe of
somewhat variable composition, having a California Rearing Ratio
ranging from 2% toAZO% and expansions ranging from 1.7% to 10.8%
and Atterberg limits of L.L. 36 to 43 and P.I. 16 to 23. A ten
ineh layer of gray volcanie ash (Tuff) was placed as imported

borrow over the adobe. The Tuff has an average compacted weight
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. of 65 1bs. per cuble foot at 25% to 30% optimum moisture and a
California Bearing Ratio ranging from 150% to 200%. As the Tuff
had 1little cementing value the upper h in. of this subgrade material
was treated with 3.54 of cement by weight of dry material to avoid
washing, shifting, pumplng, and step-offs.

The imported base mabterial wasg specified for the project
ag a whole, including the reinforced test section.

The pavement coﬁcrete wag Class B (5 sack) with 2—1/2 in.
maximum size coarse aggregate. Outside of the mile long reinforced
gectlon, weakened plane joints were placed at 15 ft. intervals
with no expansion joints except at each end of the continuously
reinforced test section. The surface of the newly laid pavement
was kept molst by applying water with a fog nozzle until the

. application of a light gray pigmented curing compound.

Trafficg

The average daily traffic over this road amounts to approxi-
mately 12,000 vehicles of all types. Therefore, the traffic on
the test section over which only the west bound traffic passes 1s
approximately one-hslf this amount or an average of 6,000 per day.

Deseription of Test Sectlion

The one mile of continuously reinforced test section with
i in. unrestrained expansion joints at each end was constructed
in the two contiguous west-bound lanes. The longltudinal rein-

forcement consisted of 1/2 in. old type deformed steel bars on L in.
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and 5 in. centers placed at the center of the slab. Transverse
1/2 in. sateel bars were placed on 5 ft. centers. No weakened
plane Joints were placed in the reinforced sectlion except as
noted in the portions in which stress measuring SR—h gages had
been installed.

One grade of steel was specified but two grades were used
owing to the fact that the contractors purchased the steel from
two vendors and one wvendor had, through a misunderstaﬁding,
rolled a harder grade than the other (Fig. 3).

Advantage was taken of this happenstance to use one grade
for one half of the mile long test section and the other grade
in the other half, the reinforcement being continuous throughoub.

The lower strength bars were spsaced h in. c/c and the higher
strength 5 in. centers.

The amount of 1/2 in. reinforcing for one 12 ft. lane per

mile and average characteristics of the steel were as follows:

% Tons Steel AV E ,R A ,G. F_
Sectlon|Spacing | Steel | Per Mile Flastic Limit |Ultimate Strength
1 Lr 0.62 71.L . |5L,090 pes.i. | 84,120 p.s.i.
2 5" 0.5 58.3 71,935 121,250

The reinforcing steel was furnished to the job in 30 ft.
lengths. All splices were staggered and lapped l40 diameters or
20 in. for the 1/2 in. steel. The longitudinal reinforecing steel
was carried continuocusly through all construction joints and througﬁ

the transition between Sections #1 and #2, (Fig. L).

www . fastio.com
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Test Units

A. TLongitudinal Movement

Reference points for measuring the overall longitudinal
movement of the pavement on the subgrade were installed in both
lanes at the beginning and end of the test section. Additional
unifs were Installed in the traffic lane in both the standard‘
concrete and the reinforced concrete at 100,200,300,400,600 and
800 ft. from each end of the test sectlon., Three additional
points were installed, one at the midpoint of the test section
and the other two at 100 ft. each side of the midpoint.

The reference polnts consisted of an open bottom steel box
fitted with a weatherproof 1id and a reference rod driven 2 feet
into the subgrade. Measurements of the longitudinal movement
were made with calipers and micrometers with an accuracy of 0.01
in.

Movement up %o one year is shown in Pig. 5.

B. Joint and Crack Width Measurements,

Brass inserts were placed, in the fresh concrete, across
each expansion Jjolint in both the traffic and passing lanes for
measuring the opening and closing of the joints. Brasgs lnserts
were also placed across the first 1l weakened plane jolnts, in
the traffic lane only, in the standard unreinforced concrete,
extending from esach end of the test section. Additional brass
inserts were placed gcross a few formed weakened plane joints in
the reinforced sections at points where the stress in the rein-
forcing steel was to be measured. Readings were made with a

micrometer to an accuracy of 0.002 in.

www . fastio.com


http://www.fastio.com/



http://www.fastio.com/

ClibhPDF -

-6~

At an early age before the Fformation of the bulk of the
intermediate shriﬁkage eracks, the maximum mesasured crack opening
was 0.0l in. at an interior construetion joint. At the weakened
planes the maximum at the same age was 0.017 in. The crack widths
of all of the early formed cracks decreased with further inter-
mediate ecracking, even with a uoo drop in temperature.

Additional brass inserts on 48 in. centers were placed in
the traffic lane for the first 100 ft. from the expansion jolnts
in the reinforced steel gection to catch and measure changes in
width of any naturally ocecurring transverse cracks. Readings
were made with a special micrometer to an accuracy of 0.005 in.
Curing

Curing of the concrete was with a light gray pigmented
golution under specifications simllar to the Bureau of Reclamation
specifications for white pigmented curing soclutions, but lightly
tinted to reduce potential glare.

order of Construction

Paving of the lef't (traffic) lane of the test section was
started on May 23, 1949 and finished on May 25, an average run
of 1427 feet or 521 cubic yards per day for the 12 ft. wide by
8 ins thick concrete slab.

The gpecifications required the contractor to sbtart paving
each lane of the test section at the beginning of the day and
to carry the reinforcing continuously across the transverse

construction Joint between daily runs. It was required that
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pouring the second laﬁe should mateh the operations on the firat
lane; namely, to start the second lane in the morning a£ the
game statlion as the first lane and to quit at the end of the
first day in the second lane at the gsame station as the first
day in the first lane, This procedure was followed on both
lanes for the first day and the start of the second day.

However, on the second day of the second lane, the speed
of the contractorts operations had increassed to such an extent
that he was able and wag permitted to complete the entirs mile
the second day; the secpnd day's run being 3060 lineal Ffeet of
pavement . |

The atmospheric and concrete temperatures during the
paving operatlons were moderate to high.

C. BStresses in Reinforcing Stesl
Measured with SR~l Gages

SR-}} gages were installed on selected reinforcing bars at
two locatlons in each section in each lane; a total of eight
groupas (Figs. 8,9,10 and 11). The arrangement of reinforcing
bars and gages was such that part of the gages measured streass
in the reinforcing steel at a formed weakened joint and part
the stress in the reinforcing steel iIn uncracked concrete. Nabural
cracks have formed at some gage locations.

The SR-l, type A-1 gages were attached at the laboratory
to 20 ft. lengths of the reinforcing bars; all loose scale and
deformations being filrst removed from the bars to obtain a‘smooth
surface at the location of gage attachment. The surfaces were

thoroughly cleaned and gages attached with Cellulose cement.
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General Electric Company 16 A.W.G. 3/6h in. Flamenol insulated
wire was soldered to each gage lsad. The gages were then water-
proofed with 3M EC711l air drying rubber cement, after a minimum
of 7 days drylng period., The rubber cement waterpfoofing was
applied in 7 to 10 thin coats, allowing a 2l hour drying period
between each coat. A final protective coat of 2 layers of 1/2
lapped 3-~M Scotch 33 electrical tape was placed over the gages
(Fig. 6).,

Each gage was calibrated at the Léboratory after attachment
to the bar by stressing the bar by increments to just below the
vield point and taking strain readiﬁgs on the gages at esach
inorement of load,

The temperature compensation units consisted of gages
cemented to l} in. lengths of reinforeing steel with lead wires
soldered %o the gages and then waterproofed, the assembly then
being placed in a 6 in. length of 1 in. steel tube condult with
2 disks of 1/2 in, Celotex plaped in each end and sealed with |
Petrolastic. The whole temperature compensating éssembly was
then wired to the reinfofcing steel with the center line of the
éssembly at the elevation of the reinforcing steel, mid-depth
of the pavement (Fig. 6).

Lead wires from all SR-l gages were brought out to the
shoulder and attached to terminal boxes. Readings were taken
with a standard Baldwin SR-) indicator connected to the lead

wires,
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A total of 186 active SR-l gages and 72 temperature compensa-
tion gages were Installed in the test sections.

The insulation resistance of the active/gages decreased
materially within the first six months and é;cessively after the
first year, but the temperature compensation gages have, iIn general,
shown a high resistdnce to ground up to 18 months.

The high percentage of temperature compensating gages still
showing a high resistance to ground indicates that the method
used to protect the lead wires and waterproof the gages was adequate
for at least eighteen months when suitable protection is provided.
This would indicate that some better method of protection should
be provided for protecting the active gages from the action of the

. concrete,
| The insulation resistance to ground at various intervals

after installation in the concrete waa as follows:

PERGENTAGE OF SB=h GAGES WITH TINDICATED OR GREATER
_ - MEGOHM RESISTANCE TQ GROUND
ACTIVE GAGES . - TEMP. COMP. GAGES
Age After MEGOHM RESISTANCE TO GROUND
Installa- ‘ - . , R
tion 10 25 50 | 100 10 25 50 100
in
Conerete
Pavement PERCENT GAGES WITH MEGOHM RES. INDICATED ABCOVE
3 Days , 100 100 100 100 100 100 100 100
6 Months 87 73 .1 Lo 15 99 99 | 99 99
12 Months 7 | 25 L]0 99, 99 99 99
. 18 Months 5 o | . 99 | 99 | 99 | 99
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1t will be noted that atb the end of 12 months after con-
struction at least 7&% of the active gages atill measured
10 megohms or greater pesistance to ground, The registance o
ground deteriorated until atb 18 months only 5% of the active
gages measured 10 megohms or greater to ground. The insulation
pesistance of the temperature compensating gages has remained
high, with 99% having & measured resistance of 100 megﬁhms or
better to ground atb 18 mounths.

The average measured streés in the reinforoing steel,
between cracks,‘lncreased sgpadlly (Fig. T) irrespective of
temperature and moisture conditions in the pavement at the time
readings were baken. Readings taken at 18 months (not shown on

. Fig. T7) werse exceptionally higho

The sverage measured gtress in the reinforcing steel, across
formed cracks, inereased with diminishing temperatures to a high
at age of 6 months (Flg. 7) and dropped only slightly with &
ralse in temperature at age of 13 months. Measurements taken at
18 months, not shown on rig. 7, werse beyond any reasonable flgure.

TM% of the readings made at 18 months excesded the range of
the SR-l indicator. The caloculated stress, based on calibrations
made below the elastic 1imit, was frequently much above the
ultimate strength of the reinforcing bars.

At early ages (less than 3 months) the readings on pairs of
SRwh gages opposité sach other on the same reinforcing bar
(Figs. 8,9,10 and 11) were in agreement within 10%. There wasy

- . however, a noticeable increase in the variations in readings at
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3 months and at 6 months, many of the pairs of gages varied 100%.
This, plus the drop in insulation resistance of the active gages,
~indicates that stress readings beyond the 3 month period are not
reliable and indicate stresses far in excess of those actually
developed in the steel.

Now that the active gages are inoperative, it 1s in order
to cut some cores through the steel bars to lnspect the condition
of the bars at the points of highest indicated stress.

D. (oncrete Temperature Measurements

Iron constantan thermocouples were installed; (1) one inch
up from the bottom; (2) on the reinforcing steel in the center
of the concrete =slab, andj (3) one inch down from the top of the
. pavement slab. This installatlion was repeated at sufflicient gage
locations to secure a temperature record of the concrete at the
time the concrete was placed. Temperature records have been made
each period at which readings have been taken on the SR-l gages
as well as at any obther times measurements have been made of the
opening and closing of the joinbts.

Concrete Tests

Numerous test specimens (in the form of cylinders and beams)
were cast during the progress of the work for the usual compression
and modulus of rupbure tests and compressive and dynamiec modulus
of elastieity.

Tn addition to the compression and modulus of rupture tests

special 6 in. x 10 in. concrete cylinders were tested for tension.
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The tension test procedure and test regults are héreinafter
described. Remarkably consistent tension strength results were
gecured. The results are deemed of sufficlent significance tO
justify including as a part of this report. Cores werso cﬁt and
tested at 28 days and one year.

Phere are some fairly wide differences in the atrength of
the concrete poured on different days, bub more particularly
between the two lanes which were construoted fifteen days apart.
These differences can beé atbtributed, in part ab least, to
differences in temperature at time of placing and in part to
differences in water cement ratio. At times the constructlon
englneers were concerned about the proper di stribution of the

. concrete through and sround the steel reinforcing (maximum size
coarse aggregate 2.1/2 in.). The tendency, therefore, was to
inerease the W/C ratio and consequently the slump to insure what
was felt to be a deslrable consistency to avold honeycomb and
hang-up on the steel. After observing someé honeycomb along the
edges of the first constructed lane the water cement rabtio was
jnereased slightly during the construction of the second or
passing lane.

However, observation of the cores cut from the relatively
dry concrete 1in the first (traffic) lane and from the wetter
concrete in the second (passing) lane, as well as of the concrete
adjacent to the side headers did not disclose any material deficiency

in placement of any of the concrete, regardless of consistencys.
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Conerete Strength

As will be noted from a study of the compressive, modulus
of rupture and tension tests the conerete was of good quality
throughout although there 1s a marked difference in strength
between the earlier built traffic lane and the later bullt
passing lane, (Tables 1 and 2).

As previocusly atated this difference was probably due to
the fact that the temperature of air and concrete during the
construction of the eariier built traffic lane was greater and
the water cement ratlo lower than during the construction of the
second (passing) lane.

The effects of the lower strengths are not appreciably
apparent to date in the pavement performance, the crack incidence
being substantiaily the same in either lane. It would, therefore,
appear that differences in strength of the order noted are
insufficienf to effect any measurable differences in concrete
performance, at least up to the period covered by thils report
(1-1/2 years).

Tenslon Test Bguipment and Procedure

In an effort to determine the tensile strength of the
concrete at early ages -~ 12, 2l and 48 hours - a special type
of test specimen and fileld testing equipment was designed.

The test specimens consisted of 6" x 10" concrete cylinders
cast in standard 6" x 12" split steel molds with facilities for

accurately placing and aligning two 5/8" carriage type bolts
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with specially machined heads abutting at the mid-point in the
specimen. Soft rubber tubes were placed over the greater
portion of the rods to minimise bond with the surrounding con-
‘crete as well as to assist in eliminating any eccentricity 1In
alignment during the application of the load (Fig. 13).

Holes were drilled in the bolt heads for the insertion
of a pin to maintain alignment aﬁd prevent movement during
fabrication,

A special breaking machine was built for the early age
field tests (Fig. 14).

Crack Record

. Initial shrinkage crack rscords were made early in the
morning following each day's pour. As was anticlipated numerous
transverse cracks have developed (Figss 16, 17 and 18). This
‘report includes the crack record up to one year at which time
the average number of cracks per 100 ft. of pavement egqualed
22 with an average slab length of 1.5 Ft. except for the first
14,0 ft. from each end, where the slab lengths were substantially
greater,.

As will be noted in the crack record diagrams (Fig. 16)
the slab lengths were likewise greater just before the construc-
tion joint at the end of each day¥s pour but quite short at ths
start of the next day's pour, notwlthstanding the continuity

of the reinforcing across the construction joint (Figs. 16 and 19).
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Roughness Measurements

Initial and subsequent pavement roughness measurements
were made with the Hveem Profilometer and by Professor Moyer
with equipment developed under his direction at the Institute
of Transportation and Traffic Engineering of the University
of CGalifornia, Berkeley. See Fig. 20 for typical profilograph
(morning and afternoon) recorded by the Hveem Profililometer.

Comparative Cost Studies

 Following is a comparison of the cost per mile of a 12 ft.
lane of an unreinforced and a reinforced concrete pavement slab

of the thickness and percentages of reinforcement in the Fairfield

. '~ Test Highway at the project bid prices per cubic yard of concrete
w ($11,.00) and per pound of steel in place ($0.08):

1. Unreinforced $21,896.00

2. Reinforced with 1/2" bars L" ¢ (0.62%) $33,317.00

3., Reinforced with 1/2" bars 5" ¢ (0.50%) $31,227.00

It would, therefore,appear that reinforcement to control
eracking is probably not economic¢al and cannot be justified
unless an equivalent benefit is attained with relation to long-
time riding qualities and greater durablility or the slab thickness
and the supporting base can be modified sufficiently to offset

the added cost of the reinforcings.
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In this conneection the following comparative cost data 1s
of interest (all figures being based on the unit bid prices for

the Fairfield Test Project):

COST PER MILE OF 127 LANE
AT CONTRACT PRICES

D E 8 I G XN Concrete | Treated
S1ab Base _ Total
(a) 8" Unreinforced 1
(as constructed) $ 21,806 § 5,086 |$ 26,982
(b) 8" Reinforced (0.5% - 5" c¢/c)
(as constructed) 31,227 5,086% | 36,313
(¢) 8" Reinforced (0.5% - 5" c/c)
(No Selec. Mtl. Base) 31,227 0,000 31,227
(4) 6" Reinforced (0.5% = 6.5" c/c)
. (10" Selec.Mtl.Base (4" Cemt.Tr.) 23,420 5,0861 28,506
| (e} 6" Reinforced (0.5% - 6.5" c/c)
" Sel.Mtl.Cemt.Tr. Base o3,h20| 2,656° | 26,077

(f) 6" Reinforced (0.5%4 = 6.5" c/c) .
No Selec. Mtl. Base 23,120 0,000 23,420

(1) 10" Imported Selected Materisl Base - Top 4" Cement Treated.

(2) L Imported Selected Material Base - All Cement Treated.

From the sbove tabulation it will be noted that a 6
reinforced concrete base (0.5% Steel - 6.5" c/c) with a Lm
Gement Treated Selected Material Base compares in cost with
an 8" unreinforced slab with the 10" select material base of
which the top 4" was cement treated.

Additional projects designed to compare the performance of
the above alternate designs as well as other competitive designs
appear in order.
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Summarl

Owing to the comparatively short period which has elapsed
gince the construction of the project described in this report
there are few conclusions which can be reached with assurance at
the present time,

The crack incidence is high in a continuously reinforced
glab of the design and length of this project (one mile without
substantial expansion or shrinkage relief).

These cracks, although not wide at present may subsequently
develop decidedly adverse and ocbjectionable characteristics.

In a few céses they have already done so,

To avoid numerous shrinkage cracks it appears necessafy to
break the continuity of the reinforcing at relatively short
intervals - say 100 to 200 ft. This checks with the experience
elsewhere .4

Whether or not expansion joints should be provided or
weakened planes abt the breaks in continuity of reinforcing
1s not apparent from test data to date, at least under California
climatic conditions. |

Obviously atmospheric temperature conditions during and
immediately following construction is an important factor.

The California project was constructed in the summer and

under relatively high atmospheric temperature conditions. Much

#10 Year Progress Report by Cashell amnd Benham on the Indiana
Test Highway, Proceedings, 29th Annual Meeting, Highway Research
Board, Vol. 29, 1949,
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higher subsequent shrinkage and consequent higher crack inci-
dence could be anticipated than had the construction been carried
on during the lower temperature conditions which prevail during
the late fall, winter and early spring months.

The effect of time of day and/or order of construction
is likewise apparent from the crack development at the con-
struction joints where even though the reinforcing steel is
carried continuously across the construction joint the crack
incidence i1s much less at the end of the day's run, just before
reaching the construction joint, than during the first hour of

. the succeeding day when the incldence is somewhat greater than
the average.

Up to one and one half years the crack incidence was not
materially affected by the percentage of steel, the incidencs
being substantially the same for the 0.50% - 5" spaced high
yield bars as for the 0.62% - L" spaced standard medium yleld
bars.

Furthermore, the crack development at 18 months was
apéarently not appreciably influenced by differences in early

concrete strengths of the order observed on the Fairfield project.
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TABLE 1

20

AVERAGE CONCRETE COMPRESSIVE STRENGTH TESTS

FATRFIELD TEST HIGHWAY

5-SACK CONCRETE

(1) 6" x 12" Field Cylinders - Compressive Strength in p.s.i.

(Figures are the average

of all cylinders cast each day)

~AVERAGE
TEMPERATURE A & 8
Date (onsg. Conc. | Air | 3 Days lo_bays 28 Days 1 Year
TRAFFIC LANE
5-23-149 AM | 85° |96° | ---- 3240 1330 —=
5-20=L,9 AM 83° 58° 2180 3715 IL730 6105
C-25-1g  PM | 100° [ G9° [ —=-==_ 3145 4130 -—=
Kve., Tr. Lane | 89° | g1° | 2180 3367 4397 610
PASSING LANE
b-7-49 PM | 890 | B85° | ---- 2675 _4005 s
6-8-149 Al goe [ 71° | 1525 2995 L270 _ 5315
Ave. Pass.lLang 065° 769 1525 - 2835 1,138 5315
(2) 5" x 6" Beam Ends (Modified Cube)
TRAFFIC LANE
c-2L-19  AM | 83° | 88° | 2850 4330 5515 _6310
PASSING LANE
6-8-119 AM oo | 71° 1680 3325 L 720 5820
(3} (Cores from Pavement - Compressive Strength in p.s.i.
| (Figures are the average of all cores each day)
. TRAFFIC LANE
5-23-h9 aM | 85° | 96° 5060 6510
§:2h—A9 AM 83° | BB° 1,725 - 600
5~25=10 PM | 100° 99° hbts o2l
Ave ,Tr,lLans 09 ° gle° Lol7 6253
PASSING LANE ) .
6-7-49 PM | 89° | 85° 3855 1750
6-8-1,0  AM | B80° | 71° 3850 5085
Ave .Pass.Lane| 0B° | 78° 3853 1196

www . fastio.com


http://www.fastio.com/

ast



http://www.fastio.com/

o

ClibhPDF -

TABLE 2

-2i-

AVERAGE MODULUS OF RUPTURE AND TENSION TESTS

(1)

FATRFIELD TEST HIGHWAY

5-Sack Concrete

Modulus of Rupture - (5" x 6™ x 34" Beams)

AVERAGE
_ TEMPERATURE AGE AT TEST
Date Gons. Conc., | Adlr {3 Days 10 Days 28 Days 1 Year
TRAFFIC LANE
5-2l-49 _83° ] 88° | k7o 625 675 810
PASSING TANE .
6-8-49 80° ] 71° | 355 505 625 685
(2) Tenslon (6™ x 10" Cylinders)
AVERAGE ~

TEMPERATURE AGE AT TEST . _
Date Cons Gone. | Air |12 Hrs. |2l Hrs.|l8 Hrs.!3 Da.}{10 Da.|28 Da.
TRAFFIC LANE
5-24-49 83° | 88° | 105 . 136 18 feis | 295 | 327
PASSING LANE
6-8-L49 _80° [ 71° | b1 72 123 155 | 255 | 28k
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STRESS-STRAIN DIAGRAM TYPE OF DEFORMATION

Av Uit Sirength 120250ps
Av|YP 71,935 psi

70 COLUMBIA --- i
60 Av Uit Strength 84,70 psi |
Av YP 54,090 psi

50 // j("<‘::J|Js.on
- 7" /
/

_ / AVERAGE MODULUS

30 | OF |
/ ~ |eLasTicITY
-0 /1 1/ cotumbia 30644000
[~ useen 3173000
1 1
10 / The above curves and test dota __| : 5 D
/ / are the averages of oll specimens COLUMBIA JU.DSON PACIFIC
/ testled. (See Table of Test Results) ' -
. o .

«-.ooﬁﬂ UNIT STRAIN — INGHES

TEST RESULTS
JUDSON PACIFIC

Heat No of Elongation Elastic Uit.Strength Chemical Analysis %

No Tesis g" % Limit PSL PS.L c Mn Phos Sul
1519 [ 1675 55710 87015 4l .59 005 038
2134 6 17.05 54675 86450 42 52 007 046
§1451 5 16.25 54440 ‘83250 A0 53 005 032
1489 6 19.25 52665 81975 .39 53 006 037
2132 6 1720 52950 81925 pale} 53 006 .043

Average 1730 54090 84120 40 .54 006  .039

COLUMBIA

54078 5 11,97 71725 121260 56 .B5 ole 035
71568 6 11.23 69625 116195 .80 93 o1l 027
71948 6 1211 69160 118390 58 88 ol12 030
54508 5 1057 73460 122670 61 .87 013 035
54078 5 1023 73010 124750 .55 .98 020 036
71988 5 11.92 74630 124440 56 g4 0la 028
7 71935 121250 b8 .88 I 033

Average 116

Fig 3 Characteristics of ¥' Deformed Steel Bars in the Fairfield Californio
. Reinforced Concrete Pavement Tests.
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Fig. I Reinforeing Steel in place on base
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Fig. 6 SRL gages on reinforcing steel
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Fig 20
PROIFILOGRAPH RECORDS
FAIRFIELD RElNFORGED GCONCRETE PAVEMENT TEST

<-Sol—7-8,C

REINFORCED SECTION

——————

Sta Sta
33+00 - 34+70
- — oy M ~ PR o —

610 AM  52°F (Air)

.. S ,--'-'-"'-"‘-A v"""-"’\—

v"" — W-_—

ﬁ‘,J"—‘—‘ﬁ
320 PM  T72°F (Air)

15 FT WEAKENED PLANE

i -
W st Sta
42+50 44+20
:&’JBC#J )hw/#‘\\.w..f‘lr\w | VA‘;"—‘AW\ TS
6:00 AM 52°F (Air)
Weakened F;Iane Joints | '
P PP MPMMF-

310 PM 72°F {(AIr)

SCALE
HORIZONTAL "= 26'
VERTICAL "o (/2"

Profiles recorded on Profilograph approximately 350 feet north and soufh of
4 inch expansion joint at south end of reinforced section, station 38+50
® These profiles were taken June 15,1950.
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